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Abstract The purpose of this article is to highlight the
anatomical variants, technical pitfalls, and the prevalence of
abnormal conditions in the asymptomatic population in
magnetic resonance imaging of the foot and ankle. Special
attention is drawn to the complex anatomy of the deltoid
ligament (the superficial tibionavicular ligament, tibiospring
ligament, the tibiocalcaneal ligament, and the deep anterior
and posterior tibiotalar ligaments) and the posterior tibial
tendon insertion including the magic angle artifact and the
high prevalence of asymptomatic findings such as “hyper-
trophied” peroneal tubercle (abnormal only when larger than
5 mm), peroneus quartus (prevalence 17%), and cysts
(vascular remnants) just inferior to the angle of Gissane.
Keywords MRI, foot and ankle . Normal anatomy, foot and
ankle . Variants and pitfalls, foot and ankle
Introduction
It is the radiologist’s cornerstone to decide if imaging
findings are normal or abnormal. Juergen Freyschmidt,
Bremen, Germany, gold medalist recipient of the International
Skeletal Society (ISS) in Vancouver 2006, has contributed
substantially with his unique text book entitled “Borderlands
of Normal and Early Pathological Findings in Skeletal
Radiography” [1] for the differentiation between clinically
significant and insignificant findings in musculoskeletal
radiology. Analogous to his textbook, the Founder’s lecture
2006 of the ISS was entitled “Borderlands of Normal and
Early Pathological Findings in MRI of the Foot and Ankle”
and covered anatomical variants, technical pitfalls, and
prevalence of asymptomatic pathologic conditions in mag-
netic resonance (MR) imaging of the foot and ankle. This
review article discusses such findings in ligaments, tendons,
and bone marrow.
Ligaments
Supination (inversion) injury of the ankle is one of the most
common injuries in the general population and athletes.
Although the majority respond to rehabilitation, 15–20% of
sports injuries can result in persisting symptoms, and MR
imaging may be required for the evaluation of the collateral
ligaments of the ankle [2].
Lateral collateral ligaments
The lateral collateral ligament complex consists of three major
parts: the anterior talofibular (ATF), the calcaneofibular (CF)
ligament, and the rarely torn posterior talofibular ligament.
Anterior talofibular ligament
The ATF ligament extends from the fibula tip perpendicular
to the long axis of the fibula to the proximal–lateral aspect
of the talar head. The ATF ligament is easily seen on
transverse MR images. The normal ATF ligament is thin
and has low-signal intensity on all sequences (Fig. 1a). A
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pitfall may occur when the ligament is assessed 1 or 2 cm
above the fibular tip. At this location, a physiological gap is
present (Fig. 1b).
Calcaneofibular ligament
The course of the CF ligament is variable. Based on a
cadaveric study including 75 ankles, only 14 (19%) CF
ligaments were parallel to the long axis of the fibula [3].
Three (4%) CF ligaments were perpendicular to the fibula,
two (3%) were fan-shaped, and 75% (56 of 75) showed an
oblique course with an angle between 10° and 45° against
the fibula. Due to this oblique course of the CF ligament,
on coronal and transverse images, the CF ligament needs to
be analyzed on several adjacent images (Fig. 2). Therefore,
additional oblique MR sequences have been suggested for
evaluation [4]. Considering the large variation of the
ligament course, we prefer to use secondary reconstruc-
tions. Three-dimensional (3D)-gradient echo 3D images
have been suggested [5] for secondary reconstructions, but
standard T2-weighted turbo spin-echo sequences provide
similar secondary reconstructions of the CF ligament [6].
This technique allows quick analysis of the CF ligament on
a single reconstructed MR image (Fig. 2).
Tibiofibular syndesmosis
The distal tibiofibular syndesmosis is a complex structure
characterized by four separate ligaments: the anterior inferior
tibiofibular ligament, the posterior inferior tibiofibular
ligament, the transverse tibiofibular ligament, and the
interosseous ligament. In chronic injuries, the injured
ligament can show variable configurations while healing,
and its signal alteration can return to normal and therefore
render it indistinguishable from uninjured ligaments [7]. A
tibiofibular syndesmosis tear is characterized by increased
signal through the anterior tibiofibular syndesmosis. Contrast-
enhanced sequences increase the accuracy of tibiofibular
syndesmosis tears [7, 8]. Although an abnormal upward
extension (more than 1 cm) of the syndesmotic recess has
been described as an ancillary sign for tibiofibular syndes-
mosis tear, caution is required [9]. Physiological increased
signal in the syndesmotic recess and a prominent vessel
outside the anterior tibiofibular ligament may mimic a
tibiofibular syndesmosis tear (Fig. 3).
Medial collateral ligaments
Injury to the medial collateral ligaments—also called
deltoid ligaments—is much less common than lateral
collateral ligament injuries, accounting for approximately
15% of ligament trauma. Insufficiency of the medial
collateral ligaments may lead to ankle instability, poster-
omedial impingement, and osteoarthritis [10, 11].
The deltoid ligament is composed of superficial and
deep layers. The superficial layer consists of (from anterior
to posterior) the tibionavicular ligament, tibiospring liga-
ment, and the tibiocalcaneal ligament. The anterior and
posterior tibiotalar ligaments are from the deep layer.
Ligament lesions are characterized by signal changes or
absence of ligament visibility. The normal signal of the
ligaments is low on T1- and T2-weighted MR images with
one notable exception. The posterior tibiotalar ligament
(Fig. 4) is striated, specifically in individuals younger than
45 years [12]. The absence of visibility (in 55% [12]) of the
anterior tibiotalar ligament (Fig. 5) on MR images of healthy
volunteers is in accordance with a cadaveric study where the
ligament was also only present in 50% [13]. In contrast to
the absence of visibility of the anterior tibiotalar ligament,
the absence of visibility of the tibionavicular ligament in
Fig. 1 a The normal ATF liga-
ment (arrow) as a thin and low-
signal-intense structure is shown
on a transverse T2-weighted MR
image. b Transverse T2-weighted
MR image from the same
asymptomatic volunteer as
shown a demonstrates that a
diagnostic error may occur when
the ligament is assessed 1 or
2 cm above the fibular tip. At
this location, a physiological gap
(arrow) is present
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55% of asymptomatic volunteers cannot be explained by
anatomical reasons. In cadavers, the tibionavicular ligament,
notably an important stabilizer [10], is a consistently seen
structure [14]. The lesser visibility of the tibionavicular
ligament (Fig. 6) can be improved by oblique imaging
planes—either with 40° to 50° plantar-flexed foot and
transverse imaging [15] or with secondary reconstruction
either with thin-gradient echo images [15] or with 3- to
Fig. 2 a The normal CF ligament (arrows) in an asymptomatic
volunteer demonstrates that the CF ligament needs to be analyzed on
several adjacent images due to its oblique course. b Secondary
reconstruction of the CF ligament based on the same standard spin-
echo images as shown in a permits quick analysis of the CF ligament
on a single image
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4-mm-thick conventional turbospin-echo sequences [6].
We prefer the use of secondary reconstructions based on
standard spin-echo sequences (Fig. 6). Signal changes on
standard spin-echo sequences are more characteristic than
those on seen gradient echo MR images.
Tendons
Posterior tibial tendon
Posterior tibialis tendon dysfunction has been recognized as
a disabling cause of progressive flatfoot deformity in
middle-aged patients. The MR diagnosis of the partial tear
of the posterior tibial tendon (PTT) is substantiated by
caliber changes and contour changes of the tendon,
increased signal within the tendon, and associated increased
fluid in the tenosynovium. The tibial posterior tendon
insertion is complex (Fig. 7). The largest most anterior
component is in direct continuity with the main tendon and
has a broad cone-shaped insertion on the navicular
tuberosity and the medioinferior surface of the first
cuneiform. The middle component continues inferolaterally
into the sole of the foot and inserts at the second and third
cuneiform, the cuboid, and the base of the second, third,
forth, and, irregularly, the fifth metatarsals. The several
components of the PTT insertion produce on transverse
images contour irregularity and signal changes. The
increased signals on T1-weighted images may be caused
by interfering fatty tissue between the individual tendon
insertions or by the presence of a fibrocartilage accessory
navicular bone [16]. However, by far, the most common
reason for increased signal on T1-weighted or proton
density-weighted images at the insertion of the posterior
tibial in asymptomatic persons (in 97% [17]) is the magic
angle artifact. The magic angle artifact can be substantially
Fig. 5 The normal anterior tibiotalar ligament (thin arrow), which is
present in only 50% of all individuals, is shown on a coronal T2-
weighted MR image. The normal tibiospring ligament is demonstrated
by the open arrows
Fig. 4 The normal striated posterior tibiotalar ligament (open arrow)
and the thin tibiocalcaneal ligament (thin arrow) are shown on a
coronal T2-weighted MR image
Fig. 3 Transverse T2-weighted image from an asymptomatic volun-
teer demonstrates that prominent vessels (straight arrows) outside the
anterior tibiofibular ligament may mimic a tibiofibular syndesmosis
tear. A physiologic amount of fluid is visible around the flexor
digitorum tendon (curved arrow)
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reduced when patients are scanned in the prone position
instead of the neutral supine position (Fig. 7b). Alterna-
tively, the magic angle artifact can be reduced when
patients are scanned in the supine position and with a strict
plantar flexion of the foot. Finally, magic artifacts can be
prevented when the echo time is increased more than 38 m
but sensitivity for tendinopathy drops.
Increased amount of fluid within the tendon sheath
should be substantial to be considered as abnormal. Small
amounts of fluid within the tendons sheath have a high
prevalence in asymptomatic feet (16–31% [18]).
Anterior tibial tendon
Anterior tibial tendon (ATT) abnormalities are less common
than PTT abnormalities. Nevertheless, hypoxic degenera-
tive tendinosis or mucoid degeneration occurs and may lead
to a partial or complete tear of the ATT. Characteristic MR
findings of ATT abnormalities include tendon thickening
(>5 mm) and signal intensity abnormalities of the tendon
within 3 cm from the distal point of insertion [19]. In
contrast to the PTT, signal changes at the ATT insertion are
rarely caused by a magic artifact (<20% [17]). Other
Fig. 6 a On coronal T2-weighted standard images, the tibionavicular
ligament (arrows) has to be analyzed in several adjacent MR images.
b The secondary reconstruction of the tibionavicular ligament from
the same coronal T2-weighted standard images shown in a allows the
visualization of the entire ligament from the tibia to the navicular bone
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confusing findings are tendons splits. Although Khoury et al.
[20] reported a case of longitudinal split of the ATT with
surgical correlation, a longitudinal split of the distal portion
of the ATT represents, rather, a normal variant. A longitu-
dinal split of the distal part of the ATT is commonly visible
in asymptomatic feet (18% in Mengiardi et al. [19]; Fig. 8).
Peroneal tendons
Longitudinal split tears of the peroneus brevis tendon have
been increasingly reported as a source of lateral ankle pain
and disability. In contrast to the ATT, splits of the peroneus
brevis tendon are considered as pathologic conditions and
are not encountered in asymptomatic ankles. Anatomic and
histologic reports have suggested that the split develops
from prolonged mechanical attrition within the fibular
groove [21]. Mechanical attrition have been associated
with anatomic variants such as the flattened fibular groove,
peroneus quartus, low-lying peroneal muscle belly, en-
larged peroneal tubercle, and enlarged retrotrochlear emi-
nence [22]. However, many of these anatomic variants are
present on MR images in volunteers with asymptomatic
ankles [23]. In a series of 65 asymptomatic ankles, 72%
ankles exhibited convex, flat, or irregular fibular grooves
that are considered to predispose individuals to peroneal
tendon dislocation and tendon irritation. In the same series
of volunteers, peroneus quartus muscles were (Fig. 9) seen
in 17%. It seems that peroneus quartus rarely causes
Fig. 7 a The complex insertion of the tibial posterior tendon (arrow)
in an asymptomatic volunteer is shown. The several components of
the posterior tibial tendon insertion produce on transverse images
contour irregularity and signal changes. The thickening of the
posterior tibial tendon at the insertion is normal. The increased signal
in the posterior tibial tendon is caused by a magic angle artifact.
Signal intensity is normalized when the patient is scanned in the prone
position (see b). b The magic artifact is almost completely diminished
when the same volunteer as shown in a is scanned in the prone
position instead of the neutral supine position. The subtle increase in
signal at the inner side of the posterior tibial tendon is caused by the
presence of a fibrocartilage accessory navicular bone (arrowhead).
The remaining contour irregularity is caused by individually seen
tendon bundles, e.g., the bundle (curved arrow) running to the base of
the metatarsals
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crowding in the retromalleolar fibular groove. Low-lying
peroneal muscle bellies—another potential cause for
crowding in the retromalleolar fibular groove—is defined
as an extension of the muscle tissue distal to the fibular tip.
However, again, the distal extension of the musculotendi-
nous junction is highly variable. Ninety percent of the
musculotendinous junctions of the peroneus brevis are
located in a range between 27 mm proximal to 13 mm
distal to the fibular tip. Thus, a low-lying peroneus brevis
muscle belly should only be diagnosed in cases with muscle
extension more than 15 mm distal to the fibular tip. Along
the lateral aspect of the calcaneus, two osseous prominen-
ces are visible. At the anterolateral aspect of the calcaneus,
the clinically more important peroneal tubercle is seen in
approximately 60% of ankles. It splits the peroneus brevis
tendon from the peroneus longus tendon. The mean height
Fig. 9 Four consecutive transverse T1-weighted MR images (left side) and four consecutive coronal T1 weighted MR images (right side) show
the course of the peroneus quartus (arrows) muscle in an asymptomatic volunteer
Fig. 8 A longitudinal split var-
iant of the distal part of the ATT
is shown a transverse oblique
T1-weighted MR image in an
asymptomatic foot
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is 3 mm but rarely exceeds 5 mm (cutoff 5 mm=90th
percentile). A cutoff of 5 mm can also be used to diagnose
an enlarged retrotrochlear—the second osseous prominence
in the lateral aspect of the calcaneus.
Care should also be taken to distinguish between
tendinosis and a magic angle artifact as in other foot and
ankle tendons [17].
Bone marrow
MR abnormalities with increased signal on T2-weighted or
short inversion time inversion recovery (STIR) images in
the foot and ankle are found in a wide array of conditions
including occult fractures, osteochondral defects, disorders
of tendons with subtendinous bone marrow abnormalities,
osteoarthritis, inflammatory arthropathies, osteomyelitis,
neuropathic arthropathy, and benign and malignant neo-
plasms [24–33]. Such abnormalities are clinically relevant
and are often associated with pain [26,34–36]. On the other
hand, an increased signal on STIR images may also
represent normal variants or clinically asymptomatic ab-
normalities [37]. Bone marrow changes on STIR MR
images are commonly (50% [37]) detected in asymptomatic
feet and ankles. However, they are very small (<1 cm) or
subtle and should not lead to further diagnostic workup or
treatment without any additional abnormalities. In younger
individuals up to the age of 25 years, isolated islands of red
marrow may persist [38, 39]. Islands of red marrow can be
seen occasionally as multiple tiny spots (Fig. 10). In cases
with extensive bone marrow changes, the contralateral foot
can be examined for comparison.
In elderly individuals, edema-like bone marrow changes
in the lower extremity may be attributed to mechanical
stress reaction (initial phase of a stress fracture or
insufficiency fracture). The pathogenic mechanism of initial
insufficiency fracture may also explain that bone marrow
edema-like changes are seen after foot immobilization
when osteoporosis has occurred after rest. A bone marrow
edema pattern appears most often within the first 12 weeks
after completion of immobilization therapy and does not
correlate well with new symptomatology or pain [40].
Eighteen weeks after the immobilization period resolution
or stabilization of bone marrow signal, with no continued
evolution, should be expected. Patients with bone marrow
Fig. 10 Islands of red marrow (arrows) are revealed on a sagittal
STIR sequence of an asymptomatic volunteer
Fig. 11 T2-weighted turbo
spin-echo MR image (left side)
and T1-weighted spin-echo
images (right side) reveal bone
marrow changes (arrows) just
inferior to angle of Gissane.
These lesions appear to repre-
sent intraosseous ganglion cysts
or remnant vessels penetrating
the superior calcaneal cortex
[41, 42]
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changes after immobilization do not have clinical features
for reflex sympathetic dystrophy [40].
Bone marrow changes just inferior to angle of Gissane
are commonly seen in asymptomatic volunteers [37]. These
lesions represent intraosseous ganglion cysts or remnant
vessels penetrating the superior calcaneal cortex [41, 42].
There is no correlation between patient age and lesion size
and the presence of these foci [41] (Fig. 11).
Finally, a technical pitfall may occur when increased
signals are falsely diagnosed as edema-like bone marrow
abnormalities on MR sequences with inhomogeneous fat
suppression on T2-weighted images. The STIR sequence is
less sensitive to inhomogeneity of fat suppression than the
T2-weighted fat-suppressed sequence [43].
Conclusion
When radiologists have to decide between clinically
normal and early pathological findings in foot or ankle
MR imaging, special attention has to be drawn to the
complex anatomy of the foot and ankle (e.g., the deltoid
ligament and the PTT insertion), the technical pitfalls
(e.g., magic angle artifact, inhomogeneous fat suppres-
sion), and the high prevalence of asymptomatic findings
(e.g., tiny bone marrow spots, cysts just inferior to the
angle of Gissane). This knowledge should prevent
inaccurate interpretations and overtreating of foot and
ankle abnormalities.
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